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7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH,QWHUQDWLRQDO6FLHQWLILF&RPPLWWHHRIWK&$76LQWKHSHUVRQRIWKH&RQIHUHQFH
&KDLU3URI'U0DWWKLDV3XW]PDWWKLDVSXW]#LZXIUDXQKRIHUGH
.H\ZRUGV3ODQQLQJVHUYLFHURERWLFVDVVHPEO\SURFHVVHVDXWRPDWLRQWUDQVIRUPDWLRQRIPDQXDOSURFHVVHVGHFLVLRQVXSSRUWV\VWHPFRPSRQHQWVHOHFWLRQ
,QWURGXFWLRQ
7ZRDVSHFWVZLOOKDYHPDMRULPSDFWRQWKHGHYHORSPHQWRI
WKH *HUPDQ HFRQRP\ LQ WKH IXWXUH 7KH ILUVW RQH EHLQJ DQ
LQFUHDVHRI WKHDYHUDJHZRUNLQJSRSXODWLRQ¶VDJHEHFDXVHRI
GHPRJUDSKLFFKDQJHVDQGWKHVHFRQGRQHEHLQJDQLQFUHDVHRI
SURFHVV FRPSOH[LW\ >@:KHQ FRQVLGHULQJ WKHVH WZR SRLQWV
RQHTXHVWLRQDULVHV+RZPD\DQROGHUZRUNIRUFHFRSHZLWK
PRUH HODERUDWH ZRUNLQJ SURFHVVHV DQG HQVXUH D SRVLWLYH
GHYHORSPHQWRIWKH*HUPDQHFRQRP\"2QHSRVVLEOHDQVZHULV
WKH VXSSRUW RI HPSOR\HHV E\ LQGXVWULDO VHUYLFH URERWLFV %\
EHQHILWLQJIURPROGHUHPSOR\HHV¶H[SHULHQFHDVZHOODVIURP
WKHSHUIRUPDQFHSDUDPHWHUVRIVHUYLFHURERWLFVDKLJKRYHUDOO
SURGXFWLYLW\ZLOOEHHQVXUHG
,QRUGHUWRHQDEOHIXUWKHULQGXVWULDOHVWDEOLVKPHQWRIVHUYLFH
URERWLFV WKH JRDO RI WKH SURMHFW SUHVHQWHG KHUH LV WR
DXWRPDWLFDOO\ HYDOXDWH WKH SRVVLEOH OHYHO RI DXWRPDWLRQ RI
FXUUHQWO\PDQXDOZRUNSURFHVVHV7KHUHIRUHWKHGHYHORSPHQW
RIDGHFLVLRQVXSSRUWV\VWHPLVSURSRVHG7KHLGHDLVWRSURYLGH
XVHUVZLWKWKHPHDQVWRHQWHUGDWDRQPDQXDOZRUNSURFHVVHV
DQG RQ DGGLWLRQDO FULWHULD LQIOXHQFLQJ WKH HYDOXDWLRQ YLD DQ
LQWHUQHW SRUWDO 7KLV GDWD ZLOO EH WUDQVIHUUHG WR D SODQQLQJ
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V\VWHPZKLFKGHWHUPLQHVDXVHIXOGHJUHHRIDXWRPDWLRQIRUWKH
PDQXDO SURFHVV DQG SURGXFHV WZR GLIIHUHQW UHVXOWV )LUVW
VXLWDEOH URERW FRPSRQHQWV WKDW FDQ EH XVHG IRU SURFHVV
DXWRPDWLRQLQWKHVSHFLILFPDQXIDFWXULQJSURFHVVDQGVHFRQG
PRWLRQ SODQV IRU WKH VSHFLILF FRPSRQHQWV $GGLWLRQDOO\ D
VLPXODWLRQ YLVXDOL]HV WKH UHFRPPHQGHG FRPSRQHQWV DQG
IXQFWLRQVDQGDOORZVIRUDVZLIWLQGXVWULDOGHSOR\PHQW
&RQFHUQLQJIXWXUHILHOGVRIRSHUDWLRQLQGXVWULDODVVHPEO\LV
RI KLJK LPSRUWDQFH DV WKH GHJUHH RI URERW XWLOL]DWLRQ LV
UHODWLYHO\ ORZ )RU WKLV UHDVRQ WKH SURMHFWZLOO EH GHVFULEHG
XVLQJ WKH H[DPSOH RI LQGXVWULDO DVVHPEO\ SURFHVVHV ,Q WKLV
DUHDWKHOHYHORIDXWRPDWLRQNQRZKRZLQ60(VLVRIWHQORZHU
FRPSDUHG WR ODUJHU HQWHUSULVHV +HQFH WKH SRWHQWLDO IRU
LPSURYHPHQWE\XVLQJVXFKDGHFLVLRQVXSSRUWV\VWHP'66LV
YHU\KLJK
6WDWHRIWKHDUW
,Q FRQWH[W RI WKHXQGHUO\LQJSURMHFW WKH ILQGLQJV LQ WKUHH
HVWDEOLVKHG UHVHDUFK DUHDV SURYLGH WKH VFLHQWLILF IRXQGDWLRQ
,GHDVIRUWKHGHYHORSPHQWRIDSODQQLQJV\VWHPWKDWLVDEOHWR
SURFHVV LQIRUPDWLRQ RQ PDQXDO DVVHPEO\ SURFHVVHV DQG
DGGLWLRQDOTXDOLWDWLYHDQGTXDQWLWDWLYH OLPLWLQJIDFWRUVFDQEH
GHULYHG E\ ORRNLQJ DW FODVVLF GHWHUPLQLVWLF SODQQLQJ
DSSURDFKHV ,QRUGHU WR WUDQVIHU WKH LQIRUPDWLRQRQ WKHZRUN
SURFHVVHVLQWRWKHSODQQLQJV\VWHPDODQJXDJHWKDWSURYLGHVD
VWDQGDUGL]HGGHVFULSWLRQRIWKHVHSURFHVVHVLVQHHGHG$FHQWUDO
FRPSHWHQFHRIWKHSODQQLQJV\VWHPLVWKHUHFRPPHQGDWLRQRI
URERW FRPSRQHQWV DQG SRWHQWLDO PRWLRQ VHTXHQFHV )RU WKLV
SXUSRVHILQGLQJVLQWKHDUHDRI'66XWLOL]HGLQVLPLODUDUHDVRI
DSSOLFDWLRQFDQEHXVHGDVDEDVLV
&ODVVLF GHWHUPLQLVWLF SODQQLQJ DSSURDFKHV DUH EDVHG RQ
VHDUFK PHWKRGV 7KHVH PHWKRGV WU\ WR ILQG ZD\V WR PRGLI\
VFLHQWLILF PRGHOV LQ RUGHU WR UHDFK D VSHFLILF WDUJHW VWDWH
7KHUHIRUH WKH\ DQDO\VH SRVVLEOH PRGHO FKDQJHV DQG WKHLU
VSHFLILF HIIHFWV8VXDOO\ WKHXQGHUO\LQJPRGHOV DUHFRPSOH[
DQGWKHQXPEHURISRVVLEOHPRGHOFKDQJHVLVYHU\KLJK$VD
FRQVHTXHQFHVHDUFKPHWKRGVFDQQRWH[DPLQHHYHU\VLQJOHZD\
WR DGDSW DPRGHO+HQFH FXUUHQW VHDUFKPHWKRGV UHGXFH WKH
FRPSOH[LW\RIWKHV\VWHPRUPDNHXVHRIKHXULVWLFDSSURDFKHV
0HWKRGV UHGXFLQJ WKH FRPSOH[LW\ E\ PHDQV RI JUDSKV DUH
*5$3+3/$1>@RU6DWSODQ>@&XUUHQWKHXULVWLFDSSURDFKHV
DUHRIWHQEDVHGRQWKH+633ODQQHU>@9HU\SRSXODUPHWKRGV
ZKLFK DUH GHULYHG IURP WKLV SODQQHU DUH WKH)DVW'RZQZDUG
DSSURDFKE\+HOPHUW >@ WKH/*33ODQQHU >@ DQG WKH)DVW
)RUZDUG3ODQQHU>@,QRUGHUWRGHVFULEHSODQQLQJSUREOHPV
VSHFLILFDOO\ GHYHORSHG SODQQLQJ ODQJXDJHV FDQ EH XVHG
3RSXODUH[DPSOHVDUH675,36>@DQG3''/>@
7KHVWDQGDUGL]HGGHVFULSWLRQRIPDQXDODVVHPEO\SURFHVVHV
LVD ILHOGRI UHVHDUFKVLQFH WKHVZKHQ WKH0RWLRQ7LPH
$QDO\VLV ZDV GHYHORSHG >@ %DVHG RQ WKDW WKH 070
0HWKRGV 7LPH 0HDVXUHPHQW DVVRFLDWLRQ SURYLGHV IXUWKHU
GHYHORSHGSRVVLELOLWLHVIRUWKHGHVFULSWLRQRIDPDMRULW\RIDOO
PDQXDO ZRUNLQJ SURFHVVHV >@ $PRQJ WKHVH GLIIHUHQW
YDULDQWV070LVWKHEDVLFPHWKRGZKLFKFRQVLVWVRIWKUHH
VWHSV )LUVW WKH FRPSOHWH PRWLRQ VHTXHQFH ZKLFK ZLOO EH
DQDO\VHG LV GLYLGHG LQWR ILYH EDVLF PRWLRQV 7KHVH EDVLF
PRWLRQVDUHWKHQPDWFKHGZLWKLQIOXHQFLQJSDUDPHWHUVZLWKLQ
WKHVSHFLILFSURFHVV)RUH[DPSOHUHDFKLQJIRUDQREMHFWLVD
EDVLFPRWLRQZKLOHWKHGLVWDQFHLVDQLQIOXHQFLQJIDFWRU$VD
UHVXOWWLPHYDOXHVIRUWKHH[HFXWLRQRIDQ\VSHFLILFPRWLRQFDQ
EHGHULYHG IURP WKHVH WZRDVSHFWV ,Q WKLVFRQWH[W LW LVYHU\
LPSRUWDQWWRNHHSLQPLQGWKDWPRVWPDQXIDFWXULQJSURFHVVHV
FRQVLVWRISOHQW\EDVLFPRWLRQV$VWKHHIIRUWQHFHVVDU\IRUWKH
FRUUHFW GHVFULSWLRQ RI WKHVH SURFHVVHV LV YHU\ KLJK LW RQO\
PDNHVVHQVHIRUVWDQGDUGL]HGSURFHVVHVZLWKOLWWOHFKDQJHVLQ
WKH ZRUNLQJ SURFHGXUH ,Q RUGHU WR EHQHILW IURP D SURFHVV
GHVFULSWLRQZLWKLQKLJKO\G\QDPLFSURFHVVHVDVZHOOWKH070
DVVRFLDWLRQ SURYLGHV GLIIHUHQW PHWKRGV ZKLFK PDNH XVH RI
GLIIHUHQWOHYHOVRIGHWDLO>@0HWKRGVEDVHGRQDORZHUOHYHO
RIGHWDLOFRQGHQVHWKHEDVLFPRWLRQV)RUH[DPSOHWKH070
8$6PHWKRGRQO\XWLOL]HVRQHVWDQGDUGPRWLRQVHTXHQFHZKLFK
FRQVLVWV RI WKH ILYH EDVLF PRWLRQV 7KH HIIRUW QHFHVVDU\ WR
GHVFULEHPDQXDOSURFHVVHVLVVXEVWDQWLDOO\ORZHUXWLOL]LQJRQO\
WKLVVLQJOHHOHPHQW%\WKLVPHDQVWKHDSSOLFDWLRQIRUG\QDPLF
SURFHVVHV DOVR EHFRPHV D YLWDO RSWLRQ OHDGLQJ WR DQ RYHUDOO
EURDG ILHOG RI DSSOLFDWLRQ $OO LQ DOO WKH 070 DVVRFLDWLRQ
SURYLGHVDFROOHFWLRQRIYHU\IOH[LEOHPHWKRGVZKLFKFRQVLGHU
DGGLWLRQDOLQIOXHQFLQJSDUDPHWHUV:LWKLQWKLVUHVHDUFKSURMHFW
WKHVHDUHYHU\LPSRUWDQWSUHFRQGLWLRQVDQGPDLQUHDVRQVZK\
070ZLOOEHXWLOL]HG
5HVHDUFK DSSURDFKHV LQ WKH ILHOG RI '66 IRU WKH YLUWXDO
VHOHFWLRQRIFRPSRQHQWVGRQRWH[LVW<HWDYDULHW\RIVFLHQWLILF
OLWHUDWXUHLVDYDLODEOHLQDGMDFHQWDUHDV'66DUHHJDFXUUHQW
WRSLFLQWKHILHOGRIEXVLQHVVDGPLQLVWUDWLRQ$JRRGRYHUYLHZ
LVJLYHQE\7XUEDQ>@$QRWKHUDSSOLFDWLRQDUHDIRU'66LV
WKH FUHDWLRQ RI VRIWZDUH V\VWHPV E\ FRPSRVLWLRQ RI
VWDQGDUGL]HGVRIWZDUHFRPSRQHQWV&RPPHUFLDORIIWKHVKHOI
7KH VHOHFWLRQ RI KDUGZDUH FRPSRQHQWV FDQ EH GRQH
DXWRPDWLFDOO\>@RULQWHUDFWLYHO\>@:DQ\DPD>@RIIHUV
DQRYHUYLHZRQ'66 LQ WKLV DUHD$JRRGFDVH VWXG\ IRU WKH
VHOHFWLRQRIIORZPHWHUVLVJLYHQE\6HGGRQ>@+HFRPSDUHV
GHFLVLRQV RI WKH'66ZLWK WKH GHFLVLRQV RI D KXPDQ H[SHUW
3DVKNHYLFK >@ GHVFULEHV D PHWKRG IRU WKH VHOHFWLRQ RI
ZHOGLQJ FRPSRQHQWV DQG URERWV LQ WKH DXWRPRWLYH LQGXVWU\
EDVHG RQ JHQHWLF DOJRULWKPV 1JX\HQ >@ GHYHORSHG D
IUDPHZRUN IRU WKH VHOHFWLRQ RI WRROV EDVHG RQ D &$33
FRPSXWHUDLGHGSURFHVVSODQQLQJV\VWHP,QJHQHUDO'66DUH
EDVHGRQPXOWLFULWHULDRSWLPL]DWLRQ$JRRGLQVLJKW LQWRWKLV
WRSLFFDQEHJDLQHGE\ORRNLQJDWWKHZRUNRI(KUJRWW>@$
FHQWUDO FRPSRQHQWRI WKH'66 WKDWZLOOEHGHYHORSHG LQ WKLV
SURMHFWLVD9LUWXDO7HVWEHG>@WKDWLVDEOHWRDQDO\VHWKH
VXLWDELOLW\RISRWHQWLDOFRPSRQHQWV2QHSDUWRIWKLVDQDO\VLVLV
WKHSODQQLQJRISURGXFWLRQV\VWHPFRQILJXUDWLRQV+DXVNQHFKW
>@SURYLGHVLQIRUPDWLRQRQWKHVWUXFWXUHRIH[SHUWV\VWHPVIRU
WKLVSXUSRVH
6\VWHPDUFKLWHFWXUH
7KHSURMHFWGHVFULEHGKHUHGRHVQRWRQO\KDYHVFLHQWLILFDOO\
RULHQWHG FODLPV EXW DLPV DOVR IRU D KLJK SUDFWLFDO XVDELOLW\
7KHUHIRUHWKHVHTXHQFHLQZKLFKWKHV\VWHPHOHPHQWVZLOOEH
GHVFULEHG LV XVHURULHQWHG $Q RYHUYLHZ LOOXVWUDWLQJ WKH
RSHUDWLQJVWUXFWXUHLVJLYHQLQILJXUH
,Q WKH ILUVW VWHS URERW FRPSRQHQW PDQXIDFWXUHUV DQG
SRWHQWLDO FXVWRPHUVZKRZDQW WR HYDOXDWH WKH DXWRPDWLRQ RI
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PDQXDODVVHPEO\SURFHVVHVMRLQDQLQWHUQHWSRUWDOZKLFKVHUYHV
DVDQLQWHUIDFHIRUERWKSDUWLHV7KHPDQXIDFWXUHUVDUHDEOHWR
DGGGDWDZLWKUHVSHFWWRQHZURERWFRPSRQHQWVRIWKHLUSURGXFW
UDQJH WR WKH GDWD EDVH 7KLV LQIRUPDWLRQ ZLOO LQFOXGH WKH
FKDUDFWHULVWLFVRIWKHFRPSRQHQWVOLNHSHUIRUPDQFHSDUDPHWHUV
MRLQWFRQILJXUDWLRQRSHUDWLRQDOVSHHGDQGVL]H,QWKLVFRQWH[W
WKHSDUDPHWHUVWKDWLQIOXHQFHWKHSRVVLEOHOHYHORIDXWRPDWLRQ
DUHYHU\LPSRUWDQW
$ SRWHQWLDO FXVWRPHU SURYLGHV LQIRUPDWLRQ RQ WKH
SURGXFWLRQ SURFHVV WR DXWRPDWH RQ WKH OLPLWLQJ IDFWRUV WKDW
JRYHUQ WKLV SURFHVV DQG RQ DGGLWLRQDO FULWHULD OLNH HFRQRPLF
DVSHFWV$VVRRQDVWKHXVHUSURYLGHGLQIRUPDWLRQLVDYDLODEOH
WKHILUVWRIWKH'66¶WZRSKDVHVLVVWDUWHG7KHIRFXVRIWKHILUVW
VWDJH OLHV RQ FRPSDULQJ WKH SURFHVV GDWD ZLWK WKH URERW
FKDUDFWHULVWLFV IURP WKH GDWD EDVH DQG WR UHFRPPHQG URERW
FRPSRQHQWVWKDWDUHVXLWDEOHIRUWKHJLYHQDVVHPEO\WDVN,QWKH
VHFRQG VWDJH SRVVLEOH RSHUDWLQJ SURFHVVHV IRU WKH
UHFRPPHQGHGFRPSRQHQWVDUHFUHDWHGEDVHGRQWKHGHVFULSWLRQ
RI WKH DVVHPEO\ SURFHVV $IWHUZDUGV WKH VHOHFWHG URERW
FRPSRQHQWVDQGRSHUDWLQJPRWLRQVDUHSUHVHQWHGWRWKHXVHULQ
D'VLPXODWLRQZKHUHWKHSURSRVHGSURFHVVFDQEHUHYLHZHG
$V D ILQDO VWHS ZLWKLQ WKH DSSOLFDWLRQ DQ HYDOXDWLRQ RI WKH
VHOHFWHG FRPSRQHQWV DQG PRWLRQ VHTXHQFHV QHHGV WR EH
H[HFXWHG%DVHGRQWKHVLPXODWLRQDQGRQWKHDGGLWLRQDOIDFWRUV
DUDWLRQDOGHFLVLRQIRUDVSHFLILFURERWVROXWLRQZLOOEHGHULYHG
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)LJXUH6\VWHPDUFKLWHFWXUH
,QRUGHUWRSURYHWKHSUDFWLFDODSSOLFDELOLW\RIWKLVUHVHDUFK
SURMHFWLWLVQHFHVVDU\WRYDOLGDWHWKHSURSRVHG'66E\WHVWLQJ
LWLQDUHDOLVWLFHQYLURQPHQW)RUWKLVSXUSRVHDIOH[LEOHPRELOH
URERWH[HFXWLQJWKHSURFHVVHVLVGHYHORSHG
,QWHUQHWSRUWDODQGGDWDEDVH
7KH LQWHUQHW SRUWDO EHLQJ GHYHORSHG IRU WKH SURMHFW LV DQ
LQWHUIDFHEHWZHHQ'66 URERWPDQXIDFWXUHUDQGFXVWRPHU ,Q
RUGHU WRGHVLJQDSRUWDO WKDW LVHDV\ WRXVH LW LVQHFHVVDU\ WR
VHOHFWDSRUWDO W\SHDQGFRUUHVSRQGLQJSRUWDO WHFKQRORJLHVRQ
WKHEDVLVRIPDQXIDFWXUHUDVZHOODVFXVWRPHUUHTXLUHPHQWVDQG
WR GHFLGH RQ D VXLWDEOH SRUWDO VWUXFWXUH 7KLV VHOHFWLRQ LV
IROORZHGE\DGHILQLWLRQRIWKHGLIIHUHQWIXQFWLRQVQHHGHGIRU
WKHFRPPXQLFDWLRQZLWKERWKSDUWLHV
7KH LQWHUQHWSRUWDO LV WKHQFRQQHFWHG WR WKHGDWDEDVH WKDW
FRQWDLQVWKHODWHVWWHFKQLFDOURERWLFVROXWLRQVSURYLGHGE\WKH
URERWPDQXIDFWXUHUV5HJDUGLQJ WKHFRQWLQXRXVXSGDWHRI WKH
GDWDEDVHRQHDVSHFWKDVWREHNHSWLQPLQG,WLVSRVVLEOHWKDW
D FXVWRPHUZKRZDQWV WR HYDOXDWH RQH VSHFLILF SURFHVVZLOO
UHFHLYHGLIIHUHQW UHVXOWVDWGLIIHUHQW WLPHV7KH UHDVRQ LV WKDW
QHZFRPSRQHQWVZLOOEHVDYHGRQWKHGDWDEDVHWKDWPD\PDWFK
WKHGHILQHGUHTXLUHPHQWVEHWWHUWKDQIRUPHUVROXWLRQV7KLVIDFW
FRXOGFRQIXVHFXVWRPHUV,QRUGHUWRSUHYHQWWKLVFRQIXVLRQLW
LVQHFHVVDU\WRGHVLJQWKHHYDOXDWLRQSURFHVVDVWUDQVSDUHQWIRU
WKHFXVWRPHUDVSRVVLEOH
$FFRUGLQJWRWKHXWLOL]DWLRQRIWKHGDWDEDVHIRUWKHSODQQLQJ
SURFHVV DQ LQWHUIDFH WR WKH SODQQLQJ V\VWHP QHHGV WR EH
LPSOHPHQWHG 7KLV ZLOO HQVXUH WKH DYDLODELOLW\ RI D FXUUHQW
FDWDORJXHRIVHUYLFHURERWLFVROXWLRQVIRUWKHSODQQLQJSURFHVV
DWDOOWLPHV7KHUHVXOWVRIWKHSODQQLQJDQGWKHVLPXODWLRQDOVR
ZLOOEHWUDQVIHUUHGEDFNWRWKHLQWHUQHWSRUWDOZKHUHWKH\DUH
SUHVHQWHGWRWKHXVHULQDVXLWDEOHZD\
7KHPDLQ SXUSRVH RI WKH LQWHUQHW SRUWDO LV WR IDFLOLWDWH DQ
HIILFLHQW FRPPXQLFDWLRQ EHWZHHQ WKH'66 DQG KXPDQV 7KH
SURFHVV ODQJXDJH ZKLFK LV QHFHVVDU\ WR HQVXUH WR WUDQVODWH
EHWZHHQWKHVHSDUWLHVE\SURYLGLQJDVWDQGDUGL]HGGHVFULSWLRQ
RISURFHVVHVDQGLQIOXHQFLQJSDUDPHWHUVLVGHVFULEHGLQWKHQH[W
VHFWLRQ
3URFHVVODQJXDJH
7KHSURFHVVGDWDZKLFKFRQWDLQVLQIRUPDWLRQRQWKHPDQXDO
DVVHPEO\ SURFHVV DQG WKH FULWHULD IRU DXWRPDWLRQ QHHG WR EH
FRPPXQLFDWHG WR WKH SODQQLQJ V\VWHP 7KHUHIRUH D
VWDQGDUGL]HG SURFHVV GHVFULSWLRQ KDV WR EH DYDLODEOH 7KLV
IXQFWLRQ FDQEH FRQGXFWHGE\SURFHVVGHVFULSWLRQ ODQJXDJHV
5HJDUGLQJWRPDQXDODVVHPEO\SURFHVVHVFDQEHGHVFULEHGDV
DQG GLJLWDOO\ FRQYHUWHG LQWR D VHTXHQFH RI GHILQHG EDVLF
PRWLRQV ,Q DGGLWLRQ WR WKH SDUDPHWHUV RIPDQXDO SURFHVVHV
FULWHULD WKDW LQIOXHQFH WKH SRVVLEOH OHYHO RI DXWRPDWLRQ HJ
G\QDPLFSURFHVVFKDQJHVDQGSD\ORDGDUHYHU\LPSRUWDQWDV
ZHOO
,Q RUGHU WR EH DEOH WR HYDOXDWH WKH SRVVLELOLWLHV IRU WKH
DXWRPDWLRQ RI D VSHFLILF PDQXDO DVVHPEO\ SURFHVV LW LV
QHFHVVDU\WRFRQVLGHUWKHLQIRUPDWLRQRQWKHSURFHVVHVDQGWKH
LQIOXHQFLQJ FULWHULD LQ HTXDOPHDVXUHV 7KLV LV RQO\ SRVVLEOH
ZKHQ LQFOXGLQJ WKHFULWHULD IRU WKHDXWRPDWLRQ LQ WKHGHILQHG
SURFHVVGHVFULSWLRQODQJXDJH,QWKLVFRQWH[WWKH070PHWKRG
UHJDUGVLQIOXHQFLQJSDUDPHWHUV,QGHHG070VROHO\FRQVLGHUV
FULWHULDLQIOXHQFLQJWKHPRWLRQWLPHEXWQRWFRQGLWLRQVWKDWDUH
UHODWHG WR WKH OHYHORIDXWRPDWLRQ+RZHYHU LW LVSRVVLEOH WR
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HQKDQFHWKH070PHWKRGZLWKDGGLWLRQDOFULWHULDZKLFKLVD
IXQGDPHQWDOSUHFRQGLWLRQIRULWVXVHLQWKLVSURMHFW
7KH070PHWKRG FODVVLILHVPDQXDO SURFHVVHV LQWR WKH
EDVLF PRWLRQV VKRZQ LQ )LJXUH  7KH PRWLRQ RI WKH KDQG
WRZDUGVWKHZRUNSLHFHLVFODVVLILHGDVReachZKLOHSLFNLQJXS
WKHZRUNSLHFHLVFDOOHGDGrasp7KHPRWLRQRIWUDQVSRUWLQJ
WKHZRUNREMHFWWRWKHWDUJHWSRVLWLRQLVFODVVLILHGDVMove7KH
SURFHVVRIMRLQLQJWKHZRUNREMHFWZLWKDQRWKHUREMHFWLVFDOOHG
PositionZKLOHWKHODVWVWHSLQWKHVHTXHQFHLVWKHReleaseRI
WKHZRUNSLHFH8VLQJRI WKHVH ILYHEDVLFPRWLRQV WKHPDMRU
SDUWRIDOOPDQXDOZRUNSURFHVVHVFDQEHGHVFULEHGLQVLPSOH
WHUPVVXLWDEOHIRUDSURFHVVODQJXDJH
2QHLPSRUWDQWJRDORIWKLVSURMHFWLVWRHQKDQFHWKH070
PHWKRG ZLWK FULWHULD IRU DXWRPDWLQJ VSHFLILF WDVNV %\
HYDOXDWLQJ WKH VLQJOH EDVLF PRWLRQV RI D PDQXDO DVVHPEO\
SURFHVVFRPELQHGZLWKVXFKFULWHULDLWFDQEHGHFLGHGZKHWKHU
WKHSURFHVVDVDZKROHLVVXLWDEOHIRUEHLQJDXWRPDWHGRUQRW
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)LJXUH([WHQGHG070GHVFULSWLRQ
$Q H[DPSOH IRU WKH HYDOXDWLRQ RI WKH SRVVLEOH OHYHO RI
DXWRPDWLRQLVWKHPDQXDOILWWLQJRIDEROWLQWRDKROH7KH070
PHWKRG FODVVLILHV WKLV SURFHVV HOHPHQW DV Position 2QH
SRWHQWLDO DVSHFW WKDW FRXOG LQIOXHQFH WKH SRVVLELOLW\ RI
DXWRPDWLQJ WKLV WDVN LV WKH UDWHRIG\QDPLFSURFHVV FKDQJHV
7KHFXVWRPHUDGGVWKHFRUUHVSRQGLQJFRGHIRUWKHSRVLWLRQLQJ
DQGLQIRUPDWLRQRQLQIOXHQFLQJSDUDPHWHUVWRWKHLQWHUQHWSRUWDO
IURPZKHUH LW LVGLJLWDOO\ WUDQVIHUUHG WR WKHSODQQLQJV\VWHP
7KH SODQQLQJ V\VWHP WKHQ HYDOXDWHV WKH SRWHQWLDO IRU WKH
DXWRPDWLRQ RI WKH PDQXDO DVVHPEO\ SURFHVV %DVHG RQ WKLV
LQIRUPDWLRQ WKH SODQQLQJ SURFHVV ZKLFK LV GHVFULEHG LQ WKH
IROORZLQJVHFWLRQGHFLGHVRQDVXLWDEOHVHWRIURERWFRPSRQHQWV
DQGPRWLRQSODQV
&RPSRQHQWVHOHFWLRQ
7KH JHQHUDO PHWKRG IRU WKH VHOHFWLRQ RI DSSOLFDEOH URERW
FRPSRQHQWVLVVKRZQLQILJXUH7KHLQIRUPDWLRQRQPDQXDO
DVVHPEO\SURFHVVHV WKHOLPLWLQJIDFWRUVIRUDQDXWRPDWLRQRI
WKHVH SURFHVVHV DVZHOO DV RQ DGGLWLRQDO FULWHULDZKLFKZHUH
HQWHUHGE\WKHFXVWRPHUIRUPDVLQSXWIRUWKHSODQQLQJV\VWHP
5HIHUULQJ WR WKH SODQQLQJ SURFHGXUH D WDUJHW GHVFULSWLRQ LV
JHQHUDWHG ZLWKLQ WKH SODQQLQJ V\VWHP DW ILUVW %DVHG RQ
GHVFULSWLRQDQGWKHLQLWLDOO\PHQWLRQHGGDWDHOHPHQWDU\DFWLRQV
DUHFUHDWHGLQDQH[WVWHS7KHVHHOHPHQWDU\DFWLRQVUHSUHVHQW
WKH GLIIHUHQW VLQJOH VWHSV RI DPDQXDO DVVHPEO\ SURFHVV LQ D
IRUPWKHSODQQLQJV\VWHPLVDEOHWRSURFHVV
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)LJXUH5RERWLFFRPSRQHQWVHOHFWLRQ
)RU HDFK HOHPHQWDU\ DFWLRQ D FKHFN KDV WR EH SHUIRUPHG
ZKHWKHU LW FRQWDLQVSDUDPHWHUV WKDW LQIOXHQFH WKH DXWRPDWLRQ
DQGZKLFKYDOXHVDUHSRVVLEOHIRUWKHVHSDUDPHWHUV,QWKHEHVW
FDVHWKHVHOHFWHGSDUDPHWHUVFDQEHFDOFXODWHGDXWRPDWLFDOO\
HJVHQVLEOHPRWLRQYHORFLWLHV0RUHFRPSOH[FULWHULDOLNHWKH
GHILQLWLRQRIWUDFNSRLQWVPD\UHTXLUHPDQXDOLQSXW
7KH LGHQWLILHGHOHPHQWDU\DFWLRQVDQG WKHLUFRUUHVSRQGLQJ
SDUDPHWHUVDOORZWKHSODQQLQJV\VWHPWRVHOHFWVXLWDEOHURERW
FRPSRQHQWV,QRUGHUWRGRVRFULWHULDIRUWKHHYDOXDWLRQQHHG
WREH LGHQWLILHG8WLOL]LQJ WKHVHFULWHULD WKHFKDUDFWHULVWLFVRI
WKHURERWFRPSRQHQWVLQWKHGDWDEDVHZLOOEHFRPSDUHGZLWK
WKH SDUDPHWHUV IRU WKH H[HFXWLRQ RI WKH VSHFLILF DVVHPEO\
DFWLRQV ,Q WKLV FRQWH[W D TXHVWLRQ FRXOG EHZKDWPD[LPXP
SD\ORDGDVHUYLFHURERWKDVWREHDEOHWRKDQGOHRUKRZIDVWWKH
SD\ORDG PD\ EH PRYHG %DVHG RQ WKH HYDOXDWLRQ FULWHULD
SODQQLQJVWUDWHJLHVDQGGHFLVLRQIXQFWLRQVWKHSODQQLQJV\VWHP
WKHQUHFRPPHQGVFRPSRQHQWVWKDWDUHVXLWDEOHIRUDXWRPDWLQJ
WKHPDQXDODVVHPEO\SURFHVV
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)LJXUH3URFHVVSODQQLQJ
,Q D VHFRQG VWHS SRVVLEOH SURFHVV SODQV IRU WKH FKRVHQ
URERWLFFRPSRQHQWVDUHFUHDWHG7KHFRUUHVSRQGLQJSURFHGXUH
LVLOOXVWUDWHGLQILJXUH$VFDQEHVHHQLWLVYHU\VLPLODUWRWKH
FRPSRQHQW VHOHFWLRQ SURFHGXUH %DVHG RQ WKH SURYLGHG
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LQIRUPDWLRQ RQ SURFHVVHV DQG OLPLWLQJ IDFWRUV WDUJHWV DQG
HOHPHQWDU\DFWLRQVWKDWDUHVXLWDEOHIRUUHDFKLQJWKHVHWDUJHWV
QHHGWREHGHULYHG7KHHOHPHQWDU\DFWLRQVDUHWUDQVIHUUHGWR
SRVVLEOH PRWLRQ VHTXHQFHV RI WKH URERWLF FRPSRQHQWV
5HJDUGLQJ WKH DSSOLFDELOLW\ RI WKH FRPSRQHQW DQG SURFHVV
SODQQLQJ VROXWLRQ WKH KLJK GHSHQGHQF\ RQ GDWD TXDOLW\
HVSHFLDOO\ZLWKUHVSHFWWRERWKSURFHVVDQGURERWLFFRPSRQHQW
GHVFULSWLRQ QHHGV WR EH FRQVLGHUHG 2QO\ LI WKH LQSXW
LQIRUPDWLRQ IHDWXUHV D KLJK OHYHO RI VWUXFWXUH YDULHW\ DQG
FRPSDWLELOLW\ D KLJK EHQHILW RI WKH FRUUHVSRQGLQJ
UHFRPPHQGDWLRQE\WKHSODQQLQJV\VWHPFDQEHHQVXUHG
9LUWXDO7HVWEHG
$IWHU FRPSOHWLQJ WKH SODQQLQJ V\VWHP SURFHGXUH WKH
VHOHFWHGURERWLFFRPSRQHQWVDQGHDFKDVVRFLDWHGSURFHVVSODQ
DUHVLPXODWHG,WLVLPSRUWDQWWRNHHSLQPLQGWKDWQRWDOOPDQXDO
SURFHVVHV DUH FRPSOHWHO\ DXWRPDWDEOH ,Q PDQ\ FDVHV WKH
VROXWLRQZLOOFRQVLVWRIK\EULGSURFHVVHVLQZKLFKKXPDQVDQG
URERWVQHHGWRFRRSHUDWH,QRUGHUWRVLPXODWHWKLVFRRSHUDWLRQ
UHDOLVWLFDOO\PRWLRQGDWDRIKXPDQVQHHGVWREHUHFRUGHG
)RU WKLV SXUSRVH D PRWLRQWUDFNLQJV\VWHP ZLOO EH XVHG
7KHSXUSRVHRIVXFKDV\VWHPLVWRVHPLDXWRPDWLFDOO\WUDQVODWH
KXPDQPRWLRQVWRPRWLRQVRIDURERWV\VWHP,QWKHFRQWH[WRI
WKLV SURMHFW WZR YDULDQWV RI PRWLRQ WUDFNLQJ KDYH WR EH
FRQVLGHUHG 0HWKRGV EHORQJLQJ WR WKH FDWHJRU\ robot 
programming by demonstration >@ DUH EDVHG RQ YLVXDO
REVHUYDWLRQ5RERWVREVHUYHKXPDQVE\PHDQVRIHJFDPHUD
V\VWHPVDQGSURFHVVWKHLQSXWGDWD$VDUHVXOWWKHVHURERWVWU\
WRLPLWDWHWKHKXPDQPRWLRQV7KHFDWHJRU\projective virtual 
reality >@ XVHV D GLIIHUHQW DSSURDFK +HUH D YLUWXDO
HQYLURQPHQWLVJHQHUDWHGE\DFRPSXWHULQZKLFKKXPDQVDUH
DEOHWRRSHUDWHDQGDFWDVDNLQGRIUROHPRGHOIRUURERWV7KH
KXPDQPRWLRQVDUHWUDQVODWHGLQWRGLJLWDOLQIRUPDWLRQDQGXVHG
WR JHQHUDWH URERW DFWLRQV %RWK PHWKRGV DUH VXLWDEOH IRU
FROOHFWLQJSURMHFWUHOHYDQWGDWD,QDQH[WVWHSWKLVLQIRUPDWLRQ
ZLOOEHWUDQVIHUUHGLQWRWKHVLPXODWLRQE\LQWHJUDWLQJLW LQWRD
GLJLWDOPRGHORIDKXPDQ
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)LJXUH6LPXODWLRQPRGHO
%HVLGHV WKLV LQWHJUDWLRQ WKH URERW FRPSRQHQWV
UHFRPPHQGHGE\WKHSODQQLQJV\VWHPQHHGWREHFRQYHUWHGLQWR
VLPXODWLRQPRGHOV(DFKRIWKHVLPXODWLRQPRGHOVZLOOEHVDYHG
ZLWKLQDPRGHOOLEUDU\WRHQVXUHUHXVHRI³JRRG´VROXWLRQVLQ
GLIIHUHQW DSSOLFDWLRQV )LJXUH  VKRZV D VLPXODWLRQ ZKHUH D
PDQXDO DVVHPEO\ SURFHVV LV EHLQJ SDUWLDOO\ DXWRPDWHG 7KH
FRRSHUDWLYHDVVHPEO\SURFHGXUHLVYLVXDOL]HGE\WKHKHOSRID
GLJLWDOPRGHORIDKXPDQDQGWKHFKRVHQURERWLFFRPSRQHQWV
DQGSURFHVVHV
,QRUGHUWRHQVXUHDQHDV\WUDQVIHURIWKHGDWDQHHGHGE\WKH
VLPXODWLRQ WKH SODQQLQJ DQG WKH VLPXODWLRQ V\VWHP ZLOO EH
WLJKWO\LQWHJUDWHG7KHUHIRUHDSSURSULDWHLQWHUIDFHVIRUWKHGDWD
H[FKDQJH QHHG WR EH FUHDWHG %DVHG RQ WKLV FRQQHFWLRQ WKH
LQWHUDFWLRQRISODQQLQJGHFLVLRQDQGVXSSRUWIXQFWLRQVFDQEH
WHVWHGDQGHYDOXDWHGZLWKLQWKHVLPXODWLRQ6XEVHTXHQWO\WKH
SURSRVHGV\VWHPFRPSRQHQWVDQGSURFHVVSODQVDUHHYDOXDWHG
E\WKHKHOSRIWKHVLPXODWLRQ
%\FRPELQLQJWKHVLPXODWLRQDQGWKHVXEVHTXHQWHYDOXDWLRQ
WKH FXVWRPHU LV VXSSRUWHG LQ GHFLGLQJ ZKHWKHU DQ
LPSOHPHQWDWLRQRIWKHVROXWLRQVLVXVHIXOLQWKHVSHFLILFDUHDRI
DSSOLFDWLRQ RU QRW 7KLV DOVR UHVXOWV LQ D IDVW WUDQVIHU RI WKH
DXWRPDWHGV\VWHPLQWRDQLQGXVWULDOHQYLURQPHQW
9DOLGDWLRQ
)RUWKHYDOLGDWLRQRIWKHFRPSOHWHV\VWHPWKHGHYHORSPHQW
RI D PRELOH VHUYLFH URERW ZKLFK LV DEOH WR SHUIRUP WKH
UHFRPPHQGHGVROXWLRQVLVDQLPSRUWDQWDVSHFW2QHPDMRUJRDO
RIWKHURERWFRQFHSWLRQLVWRFROOHFWWKHDXWRPDWLRQIXQFWLRQV
WKDWZLOO EH H[HFXWHG LQ WKH DSSOLFDWLRQ VFHQDULRV %DVHG RQ
WKHVHIXQFWLRQVPRWLRQVIRUJUDVSLQJKDQGOLQJDQGFRQGXFWLQJ
RSHUDWLQJWDVNVZLWKLQWKHSURFHVVDVZHOODVFRQWUROIXQFWLRQV
QHHGWREHGHILQHG$FFRUGLQJWRWKHURERWPRWLRQVWKHSRVVLEOH
OHYHORIDXWRPDWLRQKDVWREHFRQVLGHUHG,QWKLVFRQWH[WK\EULG
ZRUNV\VWHPVUHTXLUHWKHLQWHUDFWLRQEHWZHHQURERWDQGKXPDQ
$YHU\ LPSRUWDQW SUHFRQGLWLRQ LV WKH LQFOXVLRQRI VDIHW\ DQG
VXUYHLOODQFHIXQFWLRQV>@
%DVHG RQ WKH URERW FRQFHSW WKH GHPRQVWUDWRU ZLOO EH
FRQVWUXFWHG7KH LGHQWLILHG UHTXLUHPHQWV RI WKH GHPRQVWUDWRU
KDYH WR EH FRQVLGHUHG ZLWKLQ WKH PHFKDQLFDO HOHFWULFDO DQG
VRIWZDUHWHFKQRORJLFDOVWUXFWXUHDVZHOODVWKHLPSOHPHQWDWLRQ
RIWKHKXPDQPDFKLQHLQWHUDFWLRQ
,QFRQWH[WRIWKHPHFKDQLFDOVWUXFWXUHDGDSWHUVWKDWFRQQHFW
WKHPHFKDQLFDOLQWHUIDFHVKDYHWREHFRQVWUXFWHGDQGSURGXFHG
)XUWKHUPRUH QRQSXUFKDVDEOH FRPSRQHQWV OLNH JULSSHU MDZV
DQG RWKHU GHYLFHV KDYH WR EH SURGXFHG LQGLYLGXDOO\ 7KH
HOHFWULFDO VWUXFWXUH LQFOXGHV FRQQHFWLRQV IRU WKH JHDUV RI WKH
URERWNLQHPDWLFVDVZHOODVPHDVXUHDQGFRQWUROZLUHVIRUWKH
SHULSKHUDO GHYLFHV 5HJDUGLQJ WKH VRIWZDUH D SURJUDPPDEOH
FRQWUROOHU3/&ZLOOEHXVHGIRUWKHH[FKDQJHRILQIRUPDWLRQ
DQGIRUWKHV\QFKURQL]DWLRQRIDOOV\VWHPFRPSRQHQWV,QRUGHU
WR HQVXUH WKH VDIHW\ RI KXPDQV FRRSHUDWLQJ ZLWK URERWV
LQWHUIDFHVZKLFKSURYLGHLQIRUPDWLRQRQWKHVWDWHRIWKHV\VWHP
ZLOOEH LPSOHPHQWHGVR WKDW WKHSURFHVVHVFDQEHPRQLWRUHG
DQG LI QHFHVVDU\ LQIOXHQFHG ,Q RUGHU WR FRQQHFW WKH YLUWXDO
SODQQLQJ V\VWHP WR WKH GHPRQVWUDWRU DQ DSSURSULDWH
ELGLUHFWLRQDO KDUGZDUH DQG VRIWZDUH LQWHUIDFH ZLOO EH
LPSOHPHQWHG
,QDILQDOVWHSWKHGHPRQVWUDWRUZLOOEHDGDSWHGWREHXVHG
LQ VHYHUDO GLIIHUHQW DSSOLFDWLRQ VFHQDULRV 7KHUHZLWK WKH
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RYHUDOO SHUIRUPDQFH RI WKH V\VWHP FDQ EH HYDOXDWHG DQG
HIILFLHQW DXWRPDWHG RU K\EULG DVVHPEO\ SURFHVVHV IRU WKH
GHPRQVWUDWLRQVFHQDULRVFDQEHHQVXUHG
&RQFOXVLRQ
%\FRPELQLQJWKHWZRLQGXVWULDOO\HVWDEOLVKHGDSSURDFKHVRI
DXWRPDWLRQDQGGLJLWDOPDQXIDFWXULQJWKHJRDORIWKLVSURMHFW
LVWRSURYLGHDQLQQRYDWLYHWRROIRUFXVWRPHUVZKRZRXOGOLNH
WR UDWLRQDOO\GHWHUPLQHDXVHIXO OHYHORI DXWRPDWLRQ IRU WKHLU
VSHFLILFPDQXDOZRUNSURFHVVHV$VWKH'66ZLOOFRQVHTXHQWO\
UHFRPPHQGDSSOLFDEOHURERWFRPSRQHQWVURERWPDQXIDFWXUHUV
ZLOOEHLQWHUHVWHGLQDGGLQJWKHLUVSHFLILFSURGXFWUDQJHWRWKH
GDWDEDVH+HQFHERWKFXVWRPHUDQGPDQXIDFWXUHUZLOOEHQHILW
IURP WKH VXEVHTXHQW DGYDQWDJHV E\ XWLOL]LQJ WKH SURSRVHG
PHWKRGRORJ\
&XVWRPHUVZLOOEHDEOHWRIOH[LEO\DSSO\WKHPHWKRGRORJ\DV
WKHLPSOHPHQWDWLRQZLOOEHZHEEDVHG0RUHRYHUWKHVSHFLILF
SODQQLQJSURFHVVHVZLOOEHDFFHOHUDWHGFRQVLGHUDEO\EHFDXVH
WKH '66 ZLOO SURFHVV DQG DQDO\]H WKH JLYHQ LQIRUPDWLRQ
DXWRPDWLFDOO\ $V WKH '66 ZLOO FRPSDUH WKH SURFHVV
UHTXLUHPHQWVZLWKHDFKURERWFRPSRQHQWZLWKLQWKHGDWDEDVH
WKH SODQQLQJTXDOLW\ LV KLJK DQGZLOO LQFUHDVHZKHQ WKHGDWD
EDVH LQFUHDVHV'HVSLWH WKLV FRPSOH[ HYDOXDWLRQ SURFHVV WKH
XVHUZLOOEHIDFLQJVWDQGDUGLQSXWSURFHGXUHVWKDWZLOOEHHDV\
WRXQGHUVWDQGDQGDSSO\
%HVLGHVWKHFXVWRPHUVURERWPDQXIDFWXUHUVZLOOHVSHFLDOO\
EHQHILWIURPWKHXQGHUO\LQJGDWDEDVH,IWKH'66UHFRPPHQGV
WHFKQLFDO VROXWLRQV IURP D VSHFLILFPDQXIDFWXUHU WKH FKDQFH
WKDW D FXVWRPHU ZLOO EX\ WKHVH SURGXFWV ULVHV 7KXV DGGLQJ
URERW FRPSRQHQWV WR WKH GDWD EDVH FDQ EH XWLOL]HG DV D QHZ
EXVLQHVVPRGHO)XUWKHUPRUHPDQXIDFWXUHUVZLOODOVREHDEOH
WREHWWHUFRPSDUHWKHLQGLYLGXDOSURGXFWVZLWKWKHFRPSHWLWRUV¶
SURGXFW UDQJH E\ HYDOXDWLQJ VSHFLILF ZRUN SURFHVVHV
7KHUHIRUHPDQXIDFWXUHUV FDQXWLOL]H WKHSODQQLQJ V\VWHP IRU
LGHQWLI\LQJSRWHQWLDOSURGXFWLPSURYHPHQWV
&RQVLGHULQJ WKHVH DGYDQWDJHV WKH SUHVHQWHG SURMHFW
SURYLGHV HIILFLHQW PHDQV WR IDFH WKH LQLWLDOO\ PHQWLRQHG
GHPRJUDSKLFFKDQJHV%\WKHVXSSRUWRIVHUYLFHURERWVZLWKLQ
K\EULGZRUNV\VWHPVDQDJHLQJZRUNIRUFHZLOOEHDEOHLPSURYH
ZRUNSHUIRUPDQFHDQGTXDOLW\7KXVRQHPDLQSUHFRQGLWLRQLQ
RUGHUWRLPSURYHLQWHUQDWLRQDOFRPSHWLWLYHQHVVZLOOEHHQVXUHG
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